Background: Obstructive sleep apnea syndrome (OSAS) is an independent risk factor for cardiovascular disease (CVD). Although monocyte to high-density lipoprotein cholesterol ratio (MHR) is increasingly being implicated in cardiovascular morbidity and mortality, no study has attempted to determine the role of MHR in cardiovascular morbidity of patients with OSAS. We aimed to investigate the association between MHR and CVD in patients with OSAS and the relationship between severity of OSAS, polysomnographic parameters, and MHR. Methods: In this cohort study, patients who had undergone a full-night polysomnography for the diagnosis of OSAS were recruited. Included patients were grouped according to the apnea-hypopnea index (AHI) as mild (5-15), moderate (15-30), and severe (>30) OSAS. Patients with AHI < 5 served as the control group. The presence of heart failure, coronary artery disease, or arrhythmia was defined as CVD. Results: A total of 1050 patients were included (131 controls, 222 mild, 228 moderate, and 469 severe OSAS). The severe group had higher MHR compared with the control and other OSAS groups (9.99, 12.11, 13.65, and 20.67 in control, mild, moderate, and severe OSAS groups, respectively, P < .001). The MHRs were significantly correlated with AHI, oxygen desaturation index, and minimum O 2 saturation values (P < .001). Values of MHR were significantly higher in patients with CVD compared with those without (P < .001). Multiple regression analysis demonstrated that MHR is an independent predictor of CVD. Conclusion: The MHR is strongly associated with CVD and the severity of OSAS and might be used as a biomarker to predict CVD in patients with OSAS.
Introduction
Obstructive sleep apnea syndrome (OSAS), characterized by repetitive complete or partial upper airway collapses occurring during sleep, is a common disorder affecting 3% to 7% of the middle-aged population. 1 Obstructive sleep apnea syndrome significantly increases the risk of cardiovascular diseases (CVDs) including hypertension, heart failure, arrhythmias, and coronary artery diseases. [2] [3] [4] Chronic intermittent hypoxia, sympathetic activation, inflammation, oxidative stress, and endothelial dysfunction are frequently seen in sleep apnea syndrome and may constitute etiologic mechanisms linking OSAS to CVD. 5, 6 Macrophages and monocytes are the most important cell types for the secretion of proinflammatory and pro-oxidant cytokines at the site of inflammation. 7 Monocytes are the cells found prominently in the development of atherosclerotic lesions. 8 In addition, high-density lipoprotein cholesterol (HDL-C) has been shown to defend endothelial cells against the unfavorable effects of low-density lipoprotein (LDL) and to prohibit oxidation of LDL molecules. 9 Thus, it was thought that HDL-C exhibits both anti-inflammatory and antioxidant actions. Recently, monocyte count to HDL-C ratio (MHR) has emerged as a new cardiovascular prognostic marker. [10] [11] [12] [13] Although this association is shown in the general population, none of the previous studies have ever investigated the association between MHR and CVD in patients with OSAS.
Based on this information, the aim of the study was to evaluate the association of MHR with the severity of the diseasedefined as apnea-hypopnea index (AHI)-and cardiovascular events in patients with OSAS.
Materials and Methods

Study Population
This was a retrospective multicenter study. Patients who had undergone a sleep study at the sleep study centers of Gaziosmanpasa University School of Medicine, Kahramanmaras Elbistan State Hospital, and Istanbul Medeniyet University School of Medicine between May 2013 and July 2016 based on the clinical suspicion that they may have OSAS were recruited to the study. Polysomnographic (PSG) evaluation of all patients was performed. Based on their AHI scores, patients were categorized as OSAS negative (control) group (AHI < 5), mild (AHI: 5-15), moderate (AHI: [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] , and severe OSAS (AHI > 30) groups, according to the American Academy of Sleep Medicine (AASM) task force criteria. 14 Patients younger than 18 years of age and with central sleep apnea syndrome, upper airway-resistant syndrome, narcolepsy, and movement disorders were excluded from the study. Patients with liver or kidney disease, chronic alcoholism, malignancy, recent infection, hyperthyroidism and hypothyroidism, inflammatory connective tissue disorders, inflammatory bowel disease, hypoxemic lung disease-including chronic obstructive pulmonary diseases, interstitial lung disease, asthma-and hematologic disease (leukemia, anemia, or myelodysplastic syndrome) were also excluded. Data related to the demographic characteristics, sleep patterns, medical history, including cardiovascular and metabolic diseases, medication use, and habits were retrieved using a standardized questionnaire before the sleep study. Routine blood tests were performed. As for the purpose of this study, the term CVD referred only to the presence of heart failure, coronary artery disease, or arrhythmia. Diagnosis of CVD had been made by an expert cardiologist (by using electrocardiogram, echocardiography, and coronary angiography), medical history and as a medical treatment, the patients were receiving 1 or more than 1 antiaggregant, anti-ischemic agent, b-blocker, angiotensinconverting enzyme inhibitor, angiotensin-receptor blocker, calcium channel blockers, and thiazide and thiazide-like diuretics. The study was in compliance with the principles outlined in the Declaration of Helsinki and approved by the local ethics committee.
Sleep Study
Overnight PSG was performed in all patients using a 55-channel polysomnography (Alice Sleepware; Philips Respironics, Pennsylvania), which included the following: electrooculograms (2 channels), electroencephalograms (4 channels), electromyograms of the submental muscles (1 channel), anterior tibialis muscle of both legs (2 channels), electrocardiograms, airflow measurements (with oronasal thermistor and nasal cannula pressure transducer), body position sensor that discerns changes in the body position during sleep, and a snore sensor for the detection of snoring vibrations. Respiratory efforts of the chest and abdominal muscles (2 channels) were recorded using piezoelectric belts and arterial oxyhemoglobin saturation (SaO 2 : 1 channel) by pulse oximetry with a finger probe. The recordings were scored according to the standard criteria of AASM. Apnea was defined as a !90% decrease in the airflow amplitude persisting for at least 10 seconds relative to the baseline amplitude. The AASM has provided 2 definitions for hypopnea. The recommended one is a !30% decrease in the airflow amplitude relative to the baseline values associated with !4% oxygen desaturation, all sustaining for at least 10 seconds. Alternative definition is expressed as a !50% decrease in the airflow amplitude relative to the baseline values associated with a !3% oxygen desaturation or arousal from sleep, all sustaining for at least 10 seconds. In our study, hypopnea was determined according to the alternative definition. 15 The AHI was calculated as the number of apneic plus hypopneic episodes per hour of sleep. Patients with AHI !5 events/hour were diagnosed as having OSAS. Oxygen desaturation index (ODI) was defined as the total number of measurements of oxyhemoglobin desaturation of !4% within !10 seconds to <3 minutes from the baseline, divided by the total sleep time.
Laboratory Measurements
Blood samples were obtained from the patients in the morning, after 12 hours of fasting, for the measurement of plasma glucose, total serum cholesterol, triglyceride, and HDL and LDL cholesterols. All variables were analyzed by Roche Cobas autoanalyzer (USA). We collected the blood samples in tubes containing ethylenediaminetetraacetic acid for the measurements of the monocyte, leukocyte, hemoglobin, and platelet counts. The samples were analyzed within 60 minutes after collection using a CELLDYN 3700 automated hematology analyzer (Abbott Laboratories, Abbott Park, Illinois).
Statistical Analysis
Data were presented as mean + standard deviation, median, interquartile range, or count, percentage. Two independent sample t tests and 1-way analysis of variances or Kruskal Wallis test were used to compare the continuous data between or among groups. For multiple comparisons, Tukey honest significant difference or Bonferroni-corrected Mann-Whitney U test was used. Chi-square test was used to compare the categorical data between or among groups. Receiver operating characteristic (ROC) curve analysis was used to determine the cutoff value of MHR in predicting significant CVD classification. OptimalCutpoints and pROC packages in R programming language were used for cutoff and performance values. A P value <.05 was considered significant. Other analyses were performed using SPSS 19 (IBM SPSS Statistics 19, SPSS Inc, an IBM Co, Somers, New York). The ROC curves were constructed using MedCalc (MedCalc 11.3, Mariakerke, Belgium).
Results
One thousand fifty participants took part in the study. The clinical characteristics, laboratory parameters, and PSG findings are shown in Table 1 . Of the participants, 695 (66%) were men and 355 (34%) were women. Mean age and body mass index (BMI) of the patients were 49.44 + 11.63 years and 31.98 + 6.36 kg/m 2 , respectively. A total of 919 (87%) patients were classified as having OSAS, whereas 131 (12%) patients with an AHI < 5 constituted the control group. Two hundred twenty-two (21%), 228 (22%), and 469 (45%) participants were categorized as the mild, moderate, and severe OSAS groups, respectively. The rates of CVD, hypertension, and diabetes mellitus were significantly different among groups (P < .05; Table 1 ).
Laboratory parameters, glucose, total serum cholesterol, triglyceride, HDL and LDL cholesterols, monocyte, leukocyte, hemoglobin, and MHR differed significantly among the 4 groups (P < .05; Table 1 ). The MHR value showed a significant increase in parallel with the severity of OSAS.
Polysomnographic study results are shown in Table 1 . The API, ODI, minimum oxygen saturation, and desaturation levels (%) were significantly different between groups (P < .05).
Correlations between PSG and laboratory parameters were evaluated. The MHRs were positively correlated with AHI (Figure 1) , ODI values, and desaturation percentages and negatively correlated with minimum O 2 saturation values (P < .05; Table 2 ).
The cases were divided into 2 groups as those with (n ¼ 261) or without (n ¼ 789) CVD. Mean MHRs were 21.02 and 14.34 in patients with and without CVD, respectively (P < .001; Figure 2 ).
All potential determinants for the CVD were further investigated in an univariate screening procedure (Table 3) . Subsequently, all parameters related to the CVD, with a significance level below 0.1, were introduced in a stepwise multiple regression analysis. The final regression model included age, BMI, hypertension, diabetes mellitus, LDL cholesterol, AHI, and MHR values; the independent predictors of CVD were MHR, age, and AHI in patients with OSAS (Table 4 ). The MHR was independently associated with CVD even after adjusted for these variables (odds ratio ¼ 1.066, 95% confidence interval: 1.038-1.094, P < .0001).
The ROC analysis was performed to determine the cutoff value of MHR (>14.73) in predicting significant CVD classification. We found sensitivity value as 77.9%, specificity value as 59.3%, and area under the ROC curve value as 0.746 (P < .001; Figure 3 ).
Discussion
The salient findings of the present study are (1) MHRs increase as the severity of OSAS increases and (2) MHRs are significantly higher in patients with CVD compared with those without CVD in patients with OSAS, and MHR is an independent predictor for CVD in OSAS. There is much evidence that patients with OSAS have an increased risk for cardiovascular and cerebrovascular diseases. 16, 17 Intermittent episodes of hypoxia as a result of transient cessation of breathing during sleep are major physiologic characteristics of OSAS, which resemble symptoms of ischemia-reperfusion injury. Intermittent episodes of nocturnal hypoxemia induce formation of oxygen-free radicals leading to a state of low-grade circulation and inflammation. 18 Inflammation is one of the fundamental factors contributing to the onset and progression of atherosclerosis. 19 Increased concentrations of mediators or markers of inflammation predict subsequent atherosclerotic CVD. 20 Recently, C-reactive protein (CRP), platelet/lymphocyte ratio (PLR), and neutrophil/lymphocyte ratio (NLR) have been used as inflammatory markers and have been shown to be independent risk factors for atherosclerosis. [21] [22] [23] Several recent studies showed that CRP, NLR, and PLR have also been increased in OSAS. [24] [25] [26] It has been known that monocyte activation plays an important role in chronic inflammation and CVD (such as heart failure and atherosclerosis), in which monocytes and differentiated macrophages can modulate inflammatory cytokines and tissue remodeling. Monocyte adherence to endothelial cell surface and extravasation to the damaged tissue induce the production of several cytokines-including tumor necrosis factor-a, interleukin (IL)-1, and IL-6 (potent inflammatory cytokines)-platelet-derived endothelial cell growth factor, transforming growth factor-a and -b, macrophage colony-stimulating factor, and insulin-like growth factor. 27 Thereafter, monocytes differentiate into the macrophages that ingest oxidized LDL cholesterol and form the dangerous foamy cells. 28 Contrarily, HDL molecules counteract the migration of macrophages and promote efflux of oxidized cholesterol from these cells. Recent studies also indicate a role of HDL in controlling the monocyte activation, adhesiveness, and inflammation and in controlling the proliferation of progenitor cells that give rise to monocytes. 29, 30 Besides its anti-inflammatory and antioxidative effects, HDL molecules also enhance vasorelaxation and increase endothelial nitric oxide synthase expression. 31 Therefore, monocytes exert a proinflammatory and pro-oxidant effects, but HDL-C functions as a reversal factor during those processes. In our study, significantly higher monocyte counts were detected in patients with OSAS when compared with the control group. In the severe OSAS group, monocyte counts were found to be higher than those observed in cases with moderate and mild OSAS. This finding might explain the reason of higher incidence of cardiovascular events in severe OSAS.
One may hypothesize that an increased MHR may be a predictor for the development and progression of cardiovascular events. The MHR is a newly introduced inflammatory marker. Its relation to CVDs has been examined in a few studies. Kanbay et al reported that increased MHR was an independent predictor of major cardiovascular events during follow-up in patients with chronic kidney disease. 32 Kundi et al reported that MHR is significantly and independently related to the presence and severity of coronary ectasia. 33 Ç içek and colleagues showed that admission of MHR is associated independently and significantly with short-and long-term mortality in patients with ST-segment elevation myocardial infarction who undergo successful primary percutaneous coronary intervention. 34 Recently, Canpolat et al indicated that MHR was an independent predictor of atrial fibrillation recurrence after cryoballoonbased catheter ablation and was associated significantly with the presence of slow coronary flow. 35 This is the first study that showed the association between MHR and the severity of OSAS and presence of CVD in patients with OSAS even after adjusted for well-known risk factor for CVD in multivariate analysis. We also showed a positive correlation between MHR and the severity of hypoxemia defined by ODI.
Our study yielded important findings in a relatively larger cohort that emphasized the importance of MHR in the prediction of CVD in patients with OSAS. However, there are some limitations of our study that have to be mentioned. First, we did not follow the patients prospectively and did not investigate the effect of continuous positive airway pressure treatment on MHRs. Second, serum HDL-C level and monocyte count in CBC are subject to changes with time in a given patient; therefore, one-time measurements may not completely reflect the real trend of the studied parameters. Trend in a time interval would be a better indicator. Third, although hs-CRP was studied as an inflammatory marker, oxidative stress biomarkers were not assessed.
In conclusion, MHR is strongly associated with the severity of OSAS and CVD in patients with OSAS. The MHR might be used as a biomarker to predict CVD in patients with OSAS. Further prospective studies are warranted to evaluate the prognostic value of MHR for the development of new cardiovascular events in patients with OSAS.
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